In nuclear fusion experiments, divertor plates are used to remove energy and particles from the plasma. These divertor plates can be made of water-cooled copper heat sinks covered by carbon fiber composite (CFC) protection tiles. During operation, surface temperatures in excess of 1000°C are reached for typical heat loads of 10 MW/m². The large mismatch in the coefficients of thermal expansion for CFC and Cu causes high stresses and possibly bonding defects. Growing joint defects, which lead to unacceptable overheating of the protection tiles, are critical for the lifetime of the components.
1.

Introduction
Fusion energy is a promising energy source for the future. In the fusion experiment Wendelstein 7-X (W7-X) [1] , which is under construction in Greifswald (Germany), and also in the future reactor experiment ITER [2], water-cooled components are employed in the socalled divertor to remove energy and particles from the plasma. The W7-X components are based on a water-cooled heat sink structure, which is protected by ceramic-like CFC tiles as plasma facing material (Fig.1) . To bond these two materials a patented Cu casting technology was developed by Plansee SE (Austria) [3, 4] . Growing joint defects, which lead to unacceptable overheating of the protection tiles, are critical for the lifetime of the components.
For an experimental investigation of the crack growth mechanism cyclic loading tests were performed with heat loads similar to the expected operational load. The investigated sample was loaded with 5.000 cycles at 10 MW/m², 10 s duration in the high heat flux test facility GLADIS at the IPP Garching (Fig.2) . A detailed description of the facility is given in the 
Experimental
Preparation of samples
Contrary to X-rays, neutrons can penetrate most metals up to a few cm thickness while giving a lot of contrast on many light elements. In addition, the element gadolinium has an extremely high absorption coefficient for neutrons, which may be used in a liquid contrast agent. For examination at the ANTARES neutron imaging facility [7] of the FRM II reactor of Technische Universität München, two cutout slices from divertor plates with about 5 mm width, 50 mm length and 7mm thickness were prepared, one from an unloaded part of a test sample, one from an extensively heat loaded part Both samples were immersed in a test tube with liquid gadolinium contrast agent and placed into a vacuum chamber as a whole. The pressure was decreased to the point just before boiling of the liquid, so air contained in the cracks and in the hollow spaces of the CFC structure expanded and left the samples. Re-pressurizing of the chamber then forced liquid into the vacated hollow spaces of the immersed samples. The samples were then rinsed in water to remove contrast agent from the surface.
Neutron Computed Tomography
The samples were mounted on a rotation table at the ANTARES facility. The employed beam has a collimation of L/D=800, and a neutron flux of 2.6 * 10 7 n/cm 2 s. 800 projections were recorded with a cooled CCD camera and neutron scintillation screen, computed tomography was calculated by filtered backprojection with a parallel beam algorithm. 
Evaluation and outlook
The experiment demonstrates the possibility to analyse structures on centimetre-sized samples non-destructively with a high spatial resolution by neutron tomography. The obtained results confirm that the delamination occurs in the CFC /Cu interlayer during heat loading.
The size of delamination is acceptable after such high number of high heat flux pulses. As a main result, a comparison of the CFC structures of the loaded and unloaded samples shows no difference or deterioration of the loaded sample. The integrity of both the bonding interface and the CFC structure could be confirmed even after extensive heat loads up to the expected lifetime of the components.
New samples of a new prototype loaded with 10,000 heat cycles have already been prepared, and the vacuum infiltration setup has been improved. Fine tuning of the pressure proved necessary to extract as much air as possible from the voids; the process took up to a quarter of an hour before no more gas bubbles were visible.
New tomographic examinations are under way; a quantitative evaluation will require additional samples, and additional work by the material scientists.
Neutron computed tomography has so far been the only tool to examine the 3D problem at hand, and aid the improvement of the manufacturing process.. Further examinations may follow for Wendelstein 7-X as well as the future ITER experiment. 
